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S U MMAB Y 

A computation is  performed of the  experiment f o r  d i r e c t  measure- 
ment of the n n - s c a t t e r i n g  cross-section in the  s i n g l e t  state. A pulse 
nuclear r eac to r ,  with a negative temperature f ac to r  and loca t ion  i n  space 
at an a l t i t u d e  of b o -  500 km is suggested. It 3.6 shown t ha t  the  s c a t t e r -  
ing length may be determined with an e r r o r  of 2109L 

* * *  
1 . - A  precise  knowledge of neutron over neutron s c a t t e r i n g  para- 

meters is e s s e n t i a l  first of a l l  from the  viewpoint of d i r e c t  ve r i f i ca -  
t i o n  of the hypothesis of the  charge-invariant of nuclear forces  [l]. 
Experhea t s  on neutron s c a t t e r i n g  by protons provide with a s u f f i c i e n t l y  
high degree of precisfon the parametere character ie ing the s i n g l e t  s t a t e  
of the  system neutron-proton C2f. As t o  the experiments on neutron-neutron 
sca t t e r ing ,  d i r e c t  measuremen of s c a t t e r i n g  parameters could not be rea- 
l i z e d  to-date on account of low d e n s i t i e s  of free neutrons attainable a t  

prasen% time. <- 10" n / c d ) .  When discuss%ng the p o s s i b i l i t y  of d i r e c t  in=  
ves t iga t ion  of the  nn-scattering process, one must bear in mind t h a t  the  

experiments with neutrons, whose energy is 4 1 5  Me+, provide informa 
on t h e  forces  acting between neutrons in the  einglet; S-s ta te  only. Pr 
In t h e  present work 56 an experiment allowing t o  measure d i r e c t l y  the 

cross-section of nn-interaction in the  S-state, 

i n  2 -- - 

0 VAZNOZHNOSTI ISPOL'ZOVANrPA YADERNOGO REAK?!ORA V KOSFIICHESKOM PROSTRAN- 
STVE DLYA PRYAMOGO IZHEREPJSYA SECHEWIYA -RASSEYANIYA. 
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2,-The scheme of the experiment cons i s t s  in the  following: 
A s s u m e  t ha t  in vaauitm spaee of s a f f i e i e n t l y  g rea t  dimensions, such t h a t  

one might neglect the sca t t e r ing  from HUBUS", a neutron burs t  is  produced, 
such t h a t  during its duration 7, Q neutrons are emitted. If the  detector  
I s  shielded from "directff  neutrons, i t  is evident t ha t  only neutrons, sca t -  
tered by one another, can penetrate in it. (See Fig.1) 

W e  a8smne ale0 t h a t  the space is  made vacupm t o  a degree, whereby 
the  s c a t t e r i n g  from nucle i  of the surrounding medium is not great, Such a 
high vaeuum can be assured by conducting the  experiment in space a t  an al- 
t i t u d e  of 400-500 lun, where the source of neutron may, f o r  a br ie f  t h e  
( f l i g h t  along a b a l l i s t i c  curve), may be supplied with the aid of a geophy- 
s i c a l  rocket, A pulse reac to r  may serve as the 
source of neutroxm, and an He3-fil led ioniza- 
t i o n  chamber could serve as the  detector ,  

3.- The expression f o r  the  number of 
pulses  J, provided by the chamber in the couree 
of one burst, may be w r i t t e n  i n  the  form 

J x (z)QGnnGm. (1) *) 

Here Q is the number of neutrons emitted by the  

r e a c t o r  during the  burst ,  i s  the  duration of 
counter 

the  neutron burst, a,,, ia the  s c a t t e r i n g  cro66- 
sec t ion  of neutron by neutron, averaged by the  Fig, 1 

h -  height  of the  r eac to r  
2 - thickness of the  shield 8peCtrUIU Of Col l iding neutrOIlS, 8 is the  crO8e- 

sec t ion  area of t he  ion iza t ion  chamber, C is 
the  neutron de tec tor  e f f ic iency ,  averaged by the spectrum of neutrons, 
i nc iden t  upon t he  detector.  

- 

The coe f f i c i en t  %(r) depends on the energet ic  angular d i s t r i b u t i o n  
of neutrons f l y i n g  from the reac tor ,  on the angular d i s t r i b u t i o n  of neutron 
s c a t t e r i n g ,  and also on the geometry of the  i n s t a l l a t i o n  and the duration 

of the proton burst, In the general caee we may show t h a t  

*I b e e  next page] 



where dat, d a 2  are elements of the  area of the emitting surface with 

radius-veetors pi., h; dV i s  the element of volume in which neutron inter- 
ac t ion  takes plaoe with ve loc i t i e s  *' and J2. The function -S(r,, Q, V, t )  is 
the  d i s t r ibu t ion  of the number of neutrons emitted per u n i t  of time along 
the  emit t ing surface, direct ions,  v e l o c i t i e s  and time, normnliaed on the 

unity. The remaining denotations in ( 2 )  have the following sense :  

- 

r 
pated per u n i t  of the s o l i d  angle, t h a t  one of the  co l l i d ing  neutrons will 

be scattered in the d i r ec t ion  cons t i tu t ing  t h e  angle 8 = arc cost" with the  
d i rec t ion  Vee 

using an e lec t ron ic  computer, It was then assumed that the  d i s t r ibu t ion  of 
sources S by cylfnder height has the shape of cosine curve; the angular 
d i s t r ibu t ion  of escaping neutrons corresponds t o  the Fermi diskribtation; 
the pulse configuration as a function of time is Gaussian; the angular dis- 

t r i b u t i o n  of sca t te red  neutrons 

is the radius-vector of the  detector;  g(p, Se>, is the  probabi l i ty ,  corn- f3 

The multiple i n t e g r a l  (2) was computed by the  Monte-Carlo method 

Calculations have shown t h a t  in the regions of 102-10 3 pulse widths 

the coe f f i c i en t  K i s  inversely proportional t o  z and decreases w i t h  the 
increase i n  hardness of the spectrum of i n t e r a c t i n g  neutrons-The numerfcal 
estimates of t he  pulse width Z for the  reac tor  with negative temperature 
r e a c t i v i t y  f a c t o r  were conducted by the formula 

I 
r = 3,5 - 

6ko 

where b is the l ifetime of prompt neutrons i n  the r eac to r  ( the  expression 
( 3 )  Fc nht-.(..eC #ithsnt taking i n t o  account the lagging neutrons), 6ko is 
the promt jump of r eac t iv i ty .  The quantity 
by t h e  co r re l a t ion :  

6% is i n  i ts  turn  expressed 

*)[The denotation or" stands for ' re la t ive '  
t t  II UMII. lyll I I  for "pulseff. J 
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Here la1 is the temperature fac tor  of r e a c t i v i t y ,  To is  the i n i t i a l  t e m -  
perature of the ac t ive  zone, T,, is the m a x i m u m  acceptable temperature. 

4. =On the b a s i s  of cor re la t ions  (1) - (4) various types of reac- 
t o r s  were analyzed, inc luding  the homogenous-water-bare r eac to r  and the  
Godiva-type zirconium hy5ride-beryllium-reflected reactor .  The choice of the  
t h e  type of reac tor  w a s  determined mainly by maximum e f f e c t  and compactness 
reruirements. knalysis has  shown the  l a t t e r  t o  be the mast acceptable type. 
Its cha rac t e r i s t i c s ,  obtained a6 a r e s u l t  of multigroup ca lcu la t ion  with 
u t i l i z a t i o n  of 18 groups of neutrons, a r e  as follows: the ac t ive  zone is a 

cyl inder  of 30 x 30 cm2 dimensions; its thickness i s  of 10 cm, the f u e l  is 
U235 with 75% enrichment: p R / p c  = 5000; K ,  = 1,52. According t o  da t a  of [ 3 ] ,  f o r  
r e a c t o r s  of such a type K = - 4  10 -4 per l oc i  = 50 mksec, T,, = 700°, 
To= 20'. The quant i ty  Q w a s  estimated by the hea t ing  of the ac t ive  sone, 
A t  the  sane t i m e  the following values of hea t  capacity and spec i f i c  weight 
were adoFted for Z r H :  

C =0.08 k c a l / k g ° C  at  T = 2 5 0 C r  

C = 0.16 kcal/kg°C at T =!5OO*C, 
P = 5 g / c m  3 

The neutron escape w a s  taken h t o  account by the fac or ( K m - i ) / K , .  
The neutron absorption in the r e f l e c t o r  can be neglicted.  Taking i n t o  EC- 

count t h a t  neutrons escaping through one of r eac to r ' s  faces  are waisted, 
we obtained for Q the value Q =  8.6 10 n. 17 

For the  geometry represented i n  Fis.  1 a t  c = 200 cn, w i t h  a chamber 

35 cm long and 3 c m  i n  diameter, t h e  ca lcu la t ions  gave the coe f f i c i en t  
the value X = 0.66 - 10 ( on 1 bn). The e f fec t iveness  of the  chamber 
with He3 (pressure of 20 atm), averaged by the neutron spectrum emerging 
from the r e f l e c t o r ,  w a s  found t o  be -32%. 

-37 

- 
For the est imate  of the  e f f ec t ,  the value bnn =70 bn, equal t o  

t h a t  of the s i n g l e t  cross-section of np - in t e rac t ion ,  w a s  adopted. In  compu- 
t i n g  the  e f f e c t  the requirenent w a s  foundto  accounting f o r  e n e r v  libera- 

t i o n  on lagging neutrons (being Ebout 50 percent of the t o t a l  ene rm l ibe -  
r a t ion ) .  Assuming t h a t  mea.sures were taken t o  suppressing the  1aFl.ping neu- 
t r o n s  (which i s  p r a c t i c a l l y  r ea l i zab le ) ,  we obtzin from formula (1) 

J W 114 pulse. 
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5.-In the computations conduet68 the e e t h a t e  of background 5.6 

a) Background from neutrons and 
essent ia l .  Four background sourcee were taken i n t o  account. 

-rays of the reac tor ,  of which 
of the sh ie ld ing  cone. Calcula- the l e v e l  is determined by the height 

t i o n s  have shown t h a t  the shielding, made of borated pa ra f f in  and lead  
with 200 cn thickness is su f f i c i en t  t o  lower the r eac to r  background down 
t o  1-2$ l eve l .  

b) Background from neutrons of cosmic spaae and charged pa r t i c l e s .  
Its estimate w a s  conducted on the bas i s  of works [4, 51; i t  gave a value 
not exceeding 1- 1.5%. 

c )  Background from reactor  neutron s c a t t e r i n g  by p a r t i c l e s  present 
in the  in te rp lane tary  space (according t o  l i t e r a t u r e  da ta  C6J t the  density 
of p a r t i c l e s  in the 400- 500 km a l t i t u d e  range cons t i t u t e s  w l0  8 3 part./cm 

d) Background from reactor  neutron sca t t e r ing  by a i r  molecules, 
adsorbed by the surface of the rocket and then vaporized in the discharged 
in te rp lane tary  space. 

The estimates of backgrounds c) and d) was ef fec ted  by formulas 
analogous t o  t h a t  f o r  the calculation of the f a c t o r  7L Numerical computa- 
t i o n s  have shown tha t  the background e) cons t i tu tes  ~ 1 5 % ~  the background 
d) - near 0.5% ( i t  was assumed t h a t  10 molecular layer6 of nitrogen are 
adsorbed on the surface). The aggregate background cons t i tu tes  therefore 
-18% (i t  should be noted tha t  the estimate conducted is maximum) .  T h i s  

value may be considered as acceptable, pa r t i cu la r ly  i f  we take i n t o  account 
t h a t  the baakgrounds a) and b)  may be lneasured d i r e c t l y  i n  the course of 
the experiment; t he  backgrounds 0 )  and d) m a y  be i n d i r e c t l y  taken i n t o  ac- 
count by way of measurement of pa r t i c l e  density near the rocket a d  subse- 
quent calculation. 

6.  - A t  reasonable assumptiona r e l a t i v e  t o  measurement e r r o r s  for 
the  quantities entering in formula (11, it is not d i f f i c u l t  t o  see t h a t  

the aggregate r e l a t i v e  e r r o r  6, w i l l  cons t i tu te  220%.  Considering the 
dependence of the phase s h i f t  of the S-wave on energy [7] and assuming 
t h a t  the parameters of the neutron-neutron in te rac t ion  w i l l  be of same 
order  of magnitude,as the  in te rac t ion  neutron-proton, i t  is possible t o  
reach the conclusion t h a t  at  average energy of the ac t ing  neutron spectrum 
-1 kev, as i n  our aase, and f o r  a 20% measuremsnt e r r o r  of Zm, 

- 
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the contributions of the quadratic as well a8 linear terms to the value 
of the cross-section are immaterial. Therefore, the correlation 

where is the length of nn-scattering, is fulfilled with good precision. 
As follows from (51, the relative measurement error of the scattering 
length will constitute tlO%,which is not worse than the error attained 
in the best indirect experimente [8]for the investigation of nn-scattering. 

The authors express their gratitude to V.A. Kuznetsov, G. Ya. Runyan- 
tsev, Pu. Pa. Stavisskiy and V , S .  Stavinskiy for their interest in the 
work and valuable comments. 
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